Introduction
Recently there has been great interest in the study of charmonium spectroscopy, particularly in the energy region above the open charm DD threshold of 3.73 GeV [1, 2] . Among the higher charmonium states, the widths of the states are expected to be narrow because their decays into 2 D DD are forbidden by parity conservation and their decays into DD  or DD  are forbidden by energy conservation. The observation of the prominent radiative decays of these D charmonium states is a central part of the planned PANDA experiments at FAIR [3] , which study charmonium spectroscopy in p p annihilation.
In a previous paper [4] , it is shown that by measuring the combined angular distribution of the two photons and of the electron in the sequential decay process originating from unpolarized p p collisions, namely, 
In the rest frame of the beam, the polarization vector is then given by
where is a unit vector pointing in the direction of the filter axis that allows complete transmission of all particles in the state ˆi l i . The magnitude of the polarization vector ranges from zero for an unpolarized mixture to 1 for all particles in a pure state or a completely polarized beam. The density matrix for such a mixture in its rest frame can be written as
where x  , and y  z  are the three (2 2)  Pauli matrices.
In an arbitrary Lorentz frame where either p or has the four momentum p ( , )
we can define a polarization four vector s  , which is related to its rest-frame value of (0, ) P  by ( ) , ( )
where is the rest mass of the particle. In the arbitrary Lorentz frame, the density matrix can be written as
In (5), the positive sign refers to the proton and the negative sign refers to the antiproton. The density matrix elements are Lorentz scalars in the following sense. Let be a two-component Pauli spinor for either particle at rest quantized along the direction given by the unit vector . That is,
Let be a four-vector whose value in the rest frame of the particle is . 
and .
As before, the ' ' sign in (7) and (8) refers to the proton and the ' ' sign refers to the antiproton and is the four-momentum of either particle. The Lorentz invariance of the density matrix elements is now expressed by
where is the unitary operator corresponding to the Lorentz transformation which takes the system from the Lorentz frame where B is at rest to the Lorentz frame where A is at rest. It is important to clarify this point since in general and do not have definite helicities in the rest frame. A similar meaning also holds for the two-particle state
Let us now consider the matrix elements in (10) one by one. First,
where 2 is the one-particle helicity state, or the angular-momentum state, of in its own rest frame and
is the magnitude of the c.m. momentum of p , which is taken to be in the direction ) , (   in the coordinate system we have chosen. Using the usual expansion [5] of the two-particle helicity state in the c.m. frame in terms of the angular-momentum states we find [6] 1 2
where is the magnitude of the '( ', ') p    three-momentum in the rest frame or the c.m. frame. Moreover, in this frame, the index
 is the z-component of the total angular momentum of
where is a unitary operator corresponding to a pure rotation, usually called "Wigner rotation". Using (21) and the unitarity of
since
Using the expansion of the two-particle helicity state in terms of the angular-momentum states, we can write the right-hand side of (22) as
where , 
where the are the ( Lorentz transformation matrices. Now we note that the electron is highly relativistic in the rest frame and its four-momentum vector can be represented to a very good approximation by
and therefore
In (28) the four-momentum of in the rest frame is given by e 
Combining (28)- (30) we get
The spatial part of the right-hand side of (31) gives, within a normalization factor, the Wigner-rotated unit vector (15), (19) and (24) we can now write the amplitude in (10) as
Because of the C and the P invariances [5] , the angular-momentum helicity amplitudes in (32) are not all independent. We have 
Making use of the symmetry relations of (33) we now re-label the independent angular-momentum helicity amplitudes as follows: 
The normalization constant in (36)    p and , respectively. In the helicity basis states of the particles these matrix elements are
and 2 2 2 † 2 2
In (37) 
where and can take the values
In the coordinate system we defined in the beginning, we have cos( 2) sin ( 2) 
and the phase of is such that [
Equation (37) can be rewritten as
where the unit vectors along the new x , y and z axes are related to the corresponding vectors of the xyz coordinate system by 2 2( sin cos cos ) (sin cos cos sin cos ) cos sin
cos sin cos cos sin ) (cos cos sin ) sin sin
Similarly, (38) can be rewritten as 2  2  2 2   2  2  2  2  2  2   †  2  2  2  2  2  2  2   1  1  1  1  1  1  2 2
In (43) and (45) 
After a very long algebra, we then obtain the following expression for the normalized angular distribution function:
The angle-dependent function in (48) is defined by
The arguments of the Wigner functions and in (51) 
In (48) 
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In calculating (64), we made use of the orthogonality relation:
When we have sufficient experimental data for the angular distribution function , the integral on the right side of (64) can then be determined numerically for all possible allowed values of , , , 
Partially integrated angular distributions
The partially integrated angular distributions obtained from (48) will look a lot simpler and we will gain greater insight from them. We will find that we can also get complete information on all the helicity amplitudes A  and E  by considering these partially integrated angular distributions only. We now consider six different cases of partially integrated angular distributions. In deriving these results, we frequently make use of (65) and the following property of the functions:
where
We will express the final results in terms of the orthogonal spherical harmonics by making use of the relation:
Case 1: We will integrate over )
. Only the angular distribution of the first gamma photon 1  is measured. We obtain
where the angles represent the direction of ( , )   p measured from the z axis, which is taken to be the direction of the momentum of J  . This angle is the same as that of 1  measured in the rest frame with the z axis taken to be the direction of the proton. The x and y axes are arbitrary. With the normalization condition 
Here, are the angles between and (θ', ')  
where defined in (49) also takes the value
Since the explicit expressions for the partially integrated angular distributions of two particles are rather long, we only give the results in terms of the sums of the coefficients defined in (57)-(63). In (76), however, we can obtain the coefficients of the angular functions from 
Using the orthogonality of the functions, the coefficients for all possible values of , , and in (80) can be obtained from
